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FRONT COVER CAPTION: This visual NOAA satellite image of Typhoon Pat (24W) at 070511Z
October 1991 is transformed by the Meteorological Imagery, Data Display, and Analysis System
(MIDDAS) soflsvare into a three-dimensional cloud map by vertically shifting each pixel according to
its infrared brighmess temperature-derived height. The map is then rotated to produce this dramatic
psuedo-perspective.
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FOREWORD

The Annual Tropical Cyclone Report is
prepared by the staff of the Joint Typhoon
Warning Center (JTWC), a combined Air
Force/Navy organization operating under the
command of the Commanding Officer, U.S.
Naval Oceanography Command Center/Joint
Typhoon Warning Center, Guam. The JTWC
was founded 1 May 1959 when USCINCPAC
directed that a single tropical cyclone warning
center be established for the western North
Pacific region. The operations of JTWC are
guided by CINCPACINST 3140.lU.

The mission of the Joint Typhoon
Warning Center is multi-faceted and includes:

1. Continuous monitoring of all tropical
weather activity in the Northern and Southern
Hemispheres, from 180 degrees east longitude
westward to the east coast of Africa, and the
prompt issuance of appropriate advisories and
alerts when tropical cyclone development is
anticipated.

2. Issuance of warnings on all significant
tropical cyclones in the above area of
responsibility.

3. Determination of requirements for
tropical cyclone reconnaissance and assignment
of appropriate priorities.

4. Post-storm analysis of significant
tropical cyclones Occurnng within the western
North Pacific and North Indian Oceans, which
includes an in-depth analysis of tropical
cyclones of note and all typhoons.

5. Cooperation with the Naval Research
Laboratory (NRL), Monterey, California on the
operational evaluation of tropical cyclone
models and forecast aids, and the development
of new techniques to support operational
forecast scenarios.

Changes in this year’s publication
include: 1) In Chapter 3, extended captions have
been used for most western North Pacific

tropical depressions and tropical storms to
reduce the amount of text; 2) a summary of
individual warning statistics (formerly Annex
A) has been added as Chapter 6 to provide a
printout of 6-hourly positions and verification
statistics; 3) the tables in Chapter 6 were
expanded to include cross- and along-track
errors; 4) the mean errors for each tropical
cyclone appear in Chapter 6 instead of Chapter
5 to improve the presentation of error statistics
5) the cross- and along-track errors prior to
1986 were calculated for the Indian Ocean and
western South Pacific to establish a longer term
of record; and, 6) western South Pacific
verification statistics only include JTWC
performance, and do not include
NAVWESTOCEANCEN forecasts.

Special thanks to: the men and women at
the Fleet Numerical Oceanography Center for
their unfaltering operational and software
support; the Naval Research Laboratory at
Monterey for their dedicated research and
forecast improvement initiatives the Air Force
Global Weather Central for continued satellite
support and microwave imagery enhancements;
the 633 Communications Squadron, Operating
Location Charlie and the Operations and
Equipment Support departments of the Naval
Oceanography Command Center, Guam for
their high quality support; personnel of the
Pacific Fleet Audio-Visual Center, Guam for
their assistance in the reproduction of satellite
data for this repo~ the Navy Publications and
Printing Service Branch OffIce, Guany Dr. Bob
Abbey and the Office of Naval Research for
their support to the University of Guam for the
Post Doctorate Fellow at JTWC; Dr. Mark
Lander for his training efforts, suggestions and
valuable insights; and to Sgt. Brian L.
McDonald for his continuing excellent support
in the JTWC graphics department.
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EXECUTIVE SUMMARY

The Joint Typhoon Warning Center,
Guam (JTWC) experienced an extremely busy
year during 1991, both in terms of the number
of tropical cyclone warnings issued and in terms
of collateral contingency support. JTWC
warnings were critical to the safe deployment of
ships and aircraft involved in operations
DESERT STORM and DESERT SHIELD, and
to the safe and successful employment of ships
and aircraft supporting operations SEA ANGEL
(Bangladesh relief) and FIERY VIGIL
(Philippine evacuation due to the Mount
Pinatubo eruption).

In 1990, JTWC set a record for
workload by issuing 1139 warnings during the
year. That record was short-lived as the Center
prepared 1155 warnings in 1991. During the
year, the western North Pacific experienced 32
tropical cyclones — 5 super typhoons, 15 less
intense typhoons, 10 tropical storms and 2
tropical depressions — which resulted in 835
warnings, not including amendments. North
Indian Ocean totals were 56 warnings on 4
tropical cyclones including a rare super cyclone
(02B), that killed over 138,000 people in
Bangladesh. In the Southern Hemisphere, the
Center issued 265 warnings on 22 cyclones.
JTWC was in warning status a total of 254
days. One-hundred-ten of those days had at
least two storms, 20 days at least 3 storms at the
same time, and 4 days had 4 storms occurring
simultaneously.

JTWC’S track forecast perfomxmce for
the western North Pacific during 1991 was the
best in its 32-year history. Errors were 96 nm at
24 hours, 185 nm at 48 hours, and 287 nm at 72
hours. This represents an improvement of 20,
23, and 20 percent over the long term average
errors of 120 nm, 240 nm, and 360 nm. When
compared to the climatology-persistence model,
CLIPER, JTWC forecasts were 20 percent
better across the board. Over 55 percent of the

tropical cyclones recurved, making 1991 a
relatively difficult forecast year. While JTWC’s
cross track (directional accuracy) was
outstanding, improvement is still needed in
forecasting along-track (speed) errors. In the
Southern Hemisphere, forecast errors were the
lowest in its 1l-year history, 115 nm at 24 hours
and 220 nm at 48 hours. This is 17 percent
below normal.

As in the previous two years, JTWC
forecasters out-performed every forecast aid at
every forecast period. Routine boguses of
tropical cyclone location, intensity, and wind
distribution (size) provided to the the Fleet
Oceanography Center at 6-hour intervals have
significantly improved the performance of the
Navy Operational Global Atmospheric
Prediction System (NOGAPS), especially in the
tropics. As a result, the One-Way (interactive)
Tropical Cyclone Model (OTCM) performed
well.

Intensity forecast errors for western
North Pacific tropical cyclones were 10 percent
better than average at 24 and 48 hours, and
average at 72 hours. These values were below
the 1990 improvements of 22, 19 and 15
percent for the respective periods. In-house
techniques developed during 1989 and 1990 to
improve intensity forecasts worked well,
however the large turnover of experienced
personnel and an above average number of
midget typhoons proved to be a challenge.

Once again, JTWC has seen many
changes over the past year. Perhaps one of the
most significant was the operational acceptance
by Detachment 1, 633 0SS on 1 April of the
Meteorological Imagery, Data Display, and
Analysis System (MIDDAS) which continues to
improve satellite reconnaissance support to
JTwc.
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